offers many possibilities for further work. Particularly intriguing would be to attempt the same procedure with chimpanzees. A positive result in this or other primate species would increase the chance that 6-Hz lipsmack tuning is shared by common descent in many primates. Equally interesting will be to explore whether watching lip-smacking evokes synchronized neuronal oscillations in the visual cortex. A major advantage of studying macaques over humans is that neuroscientists can perform both brain imaging and direct recording of cortical-neuron activity 7 . This would allow the neural processes underlying such rhythms to be investigated in greater detail.
If accumulating evidence ends up supporting MacNeilage's hypothesis, it will have fascinating implications for the evolution of spoken language. A long tradition has focused on details of human vocal-tract anatomy -in particular, our descended larynx -as a key prerequisite for human speech. But many studies suggest that the importance of anatomy has been overestimated, and that factors of neural control are dominant 4 . Humans have a uniquely well-developed capacity for vocal learning, which entailed forging new neural links between the auditory cortex and the motor cortex 8 . MacNeilage's hypothesis suggests that the evolutionary route by which these links were formed was circuitous, and initially involved co-opting visualcommunication circuitry that was already present and under voluntary cortical control in our primate ancestors. Adding some laryngeal phonation, as occurs in an infrequent macaque call termed a girney, would be enough to render these visual signals audible. A second evolutionary step would have been the development of our unique cortical-brainstem connections 9 , giving us increased control over the larynx. These may have evolved to more effectively exploit the acoustic bandwidth offered by the rapidly oscillating vocal tract, yielding the speech signal we know today.
Although speech is just one facet of language, and not necessarily even the most important one, its neural and evolutionary basis is becoming increasingly well A frame sequence from a video clip of computer-simulated monkey faces producing lip-smacking movements that Ghazanfar et al. 1 showed to rhesus macaques. The authors compared the macaques' responses to lip-smacking at their natural 6-hertz rhythm, which matches the syllable rate of human speech, with lip-smacking at faster (10 Hz) 
A lthough Earth's atmosphere consists of nearly 80% dinitrogen (nitrogen gas, N 2 ), most living organisms cannot use this form of the element and require it to be converted into usable forms, such as ammonia. Humans have long exploited the ability of leguminous crops to fix dinitrogen into usable reactive nitrogen compounds, improving soil fertility. But the amount of reactive nitrogen produced in this way is now greatly exceeded by that produced industrially 1 . Together with nitrogen oxides, another form of reactive nitrogen produced as a by-product of combustion processes, nitrogen compounds released into the environment by human activity are weaving a web of unforeseen consequences. On page 459 of this issue, Liu et al. 2 quantify the massive scale of these changes to the nitrogen cycle across China, which are a direct result of increases in human activities such as food production, travel and energy consumption*.
In a study remarkable for the scale of its achievement, Liu et al. have shown how increases in the rate of the release to the atmosphere of nitrogen oxides (NO x ) and ammonia (NH 3 ) have been matched by increases in the amounts of atmospheric reactive nitrogen (N r ) deposition, measured in precipitation. To do this, they drew on more than 300 published data sets of N r deposition from across China spanning 30 years (from 1980 to 2010). Most importantly, the authors went on to show how nitrogen uptake by plants and its levels in leaves have changed across China as a consequence.
The focus of the study was to provide quantified evidence of biogeochemical and biological change, but Liu and colleagues' results can also be considered as indicators of a pan-dimensional modification to the nitrogen cycle. The components of this modification include: the formation of nitrogen-containing fine particulate matter in air, which poses a substantial threat to human health; the contribution of NO x to the formation of ground-level ozone, which causes crop losses; increased emissions of nitrous oxide (N 2 O), a greenhouse gas; and extreme levels of water pollution by nitrates and other forms of N r (refs 3-5) . Concern over water pollution was highlighted during the 2008 Beijing Olympics, when a massive algal 'green tide' severely disrupted training for sailing events. Liu et al. report a 60% increase in atmospheric N r deposition in China since 1980. However, their results are based on the amount of N r sampled by open rain collectors, and, as the authors recognize, the total amount deposited will be several times larger. For example, most rain is captured by these samplers, but snowfall is only partially caught. N r -containing gases, fine particles and fog are also caught, but the amount of N r captured from these components is much less than that deposited on plant canopies. The total annual N r deposition to Chinese ecosystems will therefore often be more than 80 kilograms of nitrogen per hectare -several times larger than the raincollector data.
To assess the effects of increased nitrogen deposition on vegetation, the researchers drew on data from crop-fertilizer trials, which typically include control measurements of crop production without fertilizer. By combining data from sites across China, they estimate that a 15% increase in nitrogen uptake by plants has occurred since 1980 (see Fig. 3b of the paper 2 ). In principle, the additional N r inputs resulting from NO x emissions could have increased crop productivity. However, the authors did not report the net change in crop growth, which leaves open the question of whether the fertilization effect provided by increased N r deposition outweighs the growth-reduction effect of NO x -related ground-level ozone. For natural ecosystems, the extra nutrients remain a major threat to biological diversity 6 . Rates of nitrogen fertilization in China are among the highest in the world -fostered by the country's subsidy of fertilizer manufacturing, which was established to address foodsecurity concerns. However, this reliance on fertilizers has decreased the extent to which nitrogen from manure and sewage is recycled, reducing the efficiency of nitrogen use overall.
Fertilizer use in China can be compared with estimates of regional and global rates of total fertilization 7 (which includes fertilizers containing nitrogen, phosphorus and potassium compounds; Fig. 1a ) from the Food and Agriculture Organization (FAO) of the United Nations. In the 1960s, fertilizer inputs were largest in developed countries,
It must be emphasized, however, that nitrogen is not only a problem in China. The FAO estimates suggest that there will be a further 50% increase in global fertilizer consumption by 2050 as a result of trends in population, improved diets and increased consumption of animal products. At the same time, projections based on scenarios that emphasize population and economic growth 8, 9 suggest a global increase in nitrogen losses to the wider environ ment of 70% by 2050 (Fig. 1b) . By 2050, estimates 7 suggest that average fertilizer inputs in Latin America and South Asia will approach Chinese levels, and major increases will also occur in North Africa and the Near East.
Regional increases in N r losses are broadly similar and projections indicate a substantial worsening of nitrogen-pollution effects, including increased NO x emissions in Asia, unless action is taken. In fact, these projections may be conservative. If the current trends reported by Liu et al. are extrapolated, an 85% increase in NH 3 and a 200-240% increase in NO x emissions in China is possible by 2050.
Liu and colleagues' data and the projections shown in Figure 1 highlight the urgency for global action to tackle increasing nitrogen levels. But there is still no global international convention that defines targets for better management of global nitrogen and nutrient cycles, as highlighted in a recent report 10 . The authors of that report (who include ourselves) have proposed a shared aspirational goal to improve nitrogen-use efficiency by 20% by the year 2020; a cost-benefit calculation suggests that this would provide net savings equivalent to around US$170 billion. This will require changes in industrial and agricultural practices, and a re-evaluation of the consumption patterns of Western society. But achieving all of this will require countries to get organized, and to start taking the nitrogen challenge seriously. ■ 
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When guests turn hostile
The impact of a diet, no matter how rich it is, depends crucially on the host's resident gut microbes. Treatment of severe malnutrition with antibiotics may affect the composition of this microbiota to favour better use of nutrients.
R U T H E . L E Y
M alnutrition affects an estimated one in four children worldwide 1 and severe forms of it are commonly treated with nutrient-rich therapeutic foods. Yet 10-15% of children do not respond to this treatment. Two papers, published in the New England Journal of Medicine (Trehan et al.) 2 and Science (Smith et al.) 3 , implicate gut microbes as an additional dimension in the nutrition-disease relationship and suggest treatments for overcoming undesirable nutritional effects caused by these prolific inhabitants of humans.
There is mixed evidence 4 that antibiotics may aid recovery from malnutrition, suggesting that they could be used in combination with nutritional supplements to treat some of the non-responders. Malnutrition, however, also directly affects the gut microbes that live in harmony with their human host. When food is plentiful, an adult carries roughly a kilogram of such microbes, whose combined activities enhance the host's daily calorie harvest 5 . This 'microbial organ' requires energy for its own maintenance, however, and so takes a cut. When food is scarce, common gut bacteria can subsist on the host's mucus 6 , indicating that this mutualism could turn parasitic if the going gets tough. So, could gut microbes exacerbate the effects of malnutrition?
One clue comes from Trehan and colleagues' study 2 . They investigated the effects of combining ready-to-use therapeutic food (RUTF) with antibiotics to treat malnutrition. This work was conducted in Malawi, where more than 50% of children show stunted growth due to poor nutrition. Of 3,212 children whom the authors identified with severe acute malnutrition, more than 2,700 were randomly selected for treatment with RUTF plus either of two antibiotics -amoxicillin and cefdinir -or a placebo drug. The logistics required to conduct a field study of this magnitude, and the strict follow-ups, in rural Malawi and all in just one year, are quite remarkable.
Although antibiotics had little effect on how quickly the malnourished children recovered, they significantly reduced the death rate during the time of the follow-up -a 35% and 44% reduction for amoxicillin and cefdinir, respectively. Trehan et al. propose that the antibiotics might have prevented life-threatening, systemic infections that can occur during malnutrition. Another possibility is that these drugs somehow acted on the gut microbiota, such that the altered microbiota contributed to the recovery. Smith et al. 3 independently explored the possibility that the specific composition of the microbiota can affect recovery from severe malnutrition by studying faecal samples from 317 Malawian twin pairs, from birth to 36 months of age. In 43% of these twins, one sibling suffered from a type of severe acute malnutrition called kwashiorkor, whereas the other did not. Moreover, of the 317 pairs, 15% were identical twins.
Twins offer a means to control for environmental exposures, as they are raised together, and to infer the effects of genetics, by comparing identical twins with fraternal twins. When assessing the faecal microbiota from a subset of the healthy and diseased twin pairs, Smith and colleagues discovered that discordance (that is, the situation when one twin has the condition and the other does not) for moderate or severe malnutrition was the same in identical versus fraternal twin pairs. This finding emphasizes the importance of non-genetic factors in kwashiorkor.
The authors also found that kwashiorkor was associated with what seemed to be a functionally immature microbiota -one that was more similar to the microbiota of a younger child, with greater levels of actinobacteria. Although administration of a RUTF diet promoted functional maturation of this microbial population, unfortunately, the effect did not persist once the treatment was stopped. Why the effect was transient is uncertain. It could be that the immune system of the sick children had not encountered a more mature microbiota during a critical developmental period, when it was learning to recognize a 'normal' microbiota. It therefore might consider that a microbiota rich in actinobacteria is normal, aiding its re-establishment.
An intriguing question is whether an abnormal microbiota is the cause of or a risk factor for kwashiorkor. To address this, Smith et al. introduced into germ-free mice the gut microbiota from either children with kwashiorkor or healthy children. The mice were maintained on a typical (nutritionally poor) Malawi diet for a week before the introduction of the microbes and for three weeks after. They were then given RUTF for two weeks before moving them back to the Malawi diet.
The results were sobering. The 'kwashiorkor microbiota' induced a precipitous weight loss when combined with the Malawi diet. What is worse, even though the mice with this microbiota showed improvement in both weight
